
AD 6-5.-488

THE CONTROL OF INSOLUBLE MAGNESIUM COM-
POUNDS RESULTING FROM SEA WATER BATTERY

OPERATION

Carl E. Mueller, et al

Naval Ordnance Laboratories
White Oak, Maryland

December 1967

UASYRIBUTED BY:

Naional Technical Inoormatbon Service
U. S. DPARTMENT OF COMMERCE
5285 Port Royal fload, Springfield Va. 22151

IN



DOUMW. CONTROL DATA - R&D
(Secutifly classificaieton of Iftite, borry of abstract Arid ir.Y,;xIg aninotation nnuot bo I otr*dhntoo~~ ooeI ~al~d

I -OR4IGINATIN G ACTIVITY (Corporate auther) 2~E t 0- EP RECt. TY C LASSIF'CA7KII.9
UNCLAU1flIEP

Naval Ordnance Laboratory/Afhite Oak 2 b ou

3. RP.POAT TITLE

The Control of' Insoluble Nagnqsiwu Com~pounds~ Resulting f~rom
Sea Water Batter~y Operation

4. D~SC~qIPTIVE NOTE-S (Type of report and inclusive dote.g)

4 S. AUTHOR(S.) ("of nanio, first nome, initial)

Mueller,, Carl ~
Bowers,, Frederic Me

6, REPO AT DATE 7

1_ 8 December 1967 9~.TTLN.O AE b O FHP
as. CONTRACT OR GRANT NO. 90. OR14INATOR'S REPORT NUMMER(S)

6, PF40JUCT 9NO. lPR OS)(n te ubr.timyb aIw
MAT 03L 000/r,008 9801 P1

9O b. NOLTAR 6OT7-12Ayote0wnestt m o ata

10. A V AiL ABILITY/LRAITATION NOTICES .....

Distribution of this document is unlimited.M

I I. SUPPL EMEK:TARY NOTES Q2. SPONSORING MItLITARY ACTIVITY
.The

U.S.Naval Ordnance Systems Commandi

t3. ABSTRACT- 0

water batteries t.s often limited by a flocculent precipitcate that

Thereults o the s investigation shoe w that the otroc.iedeo pre-n
cipitite (is forme dionlyr wenhyinesium tns tr arett (inoitill
peDsenthem eimin in the ewtr electrolyt ouio.I anai" re saltret
rolutios with ah saintyeqa to soe rau ar waterithte pd witath i
disodiulsr. The to form a iol bleect can be controled b patt~ss[ing

containing filters of these types wer'e dsoehax'ged in 3,%, a"liriitY
sea water and showed capacity inureases ranging from 12 to 60
percent over batteries having no "Aliter. With TIF filtersa the

~ capaoity Increase was typically 12 percent and with disudium Et)TA
the increase was typically 45 percent.

FORM_ _ _ _

DDIJN6.43UCASFE



""I ffmaT___
Security Classification

14. LINK A LINK 8 LINK C
__ROLE 

WT ROL WT OLE WT

Battery
Sea Water Battery

i Silver Chloide/iMagnesium BatteryS ~Anodio Corrosion of Magnesiuml

Improvement of Sea Water Battery

INSTRUCTIONS

1.ORIGINATING ACTIVITY: Enter the name and address imposed by security classification, using tstandard saitementsof the contractor, subcontractor, grantee, Department of De- such as:
fense activity or other organization (corporate author) issuingthe rport.(1) "Quaqlified requester may obtain copies of this

tereport, report from DDC."
2a. REPORT SECUI•TY CLASSIFICATION: Enter the over- (2) "Foreign announcement and dissemination of thisall security classification of the report. Indicate whether report an no t a nth dized.
"Restricted Data" ic included. Marking is to be in accord- report by DDC is not authorized."
ance with appropriate security regulations, (3) "U. S. Government agencies may obtain copies of
2b. GROUP: Automatic downgrading is specified in DoD Di- this report directly from DUC. Other qualified DIC
rective 5200. 10 and Armed Forces Industrial Manual. Enter users shall request throughthe group number. Also, when applicable, show that optionalmarkings have been used for Group 3 and Group 4 as author- "U. S. military agencies may obtain copies of this

report directly from DDC. Other qualified users3. REPORT TITLE: Enter the complete report title in all shall request through
capital letters. Titles in all cases should be unclassified.
If a meaningful title cannot be selected without clansifica-
tion, show title classification In all capitals in parenthesis (5) "All distribution of this report is controlled. Qual-
immediately following the title, ified DDC users shall request through
4. DESCRIPTIVE NOTES: If appropriate, enter the type of ,"Sreport e.g., interim, progress, summary, annual, or final. If the report has been furnished to the Office of TechnicalGi'o the inclusive dates when a specific reporting ;1eriod is Services, Department of Commerce, for sale to the public, indi--- covered. cate this fact and enter the price, if known,
S. AUTHOR(S): Enter the name(s) of author(s) as showr. on It. SUPPLEMENTARY NOTES: Use for additional explana-
or in the report. Enter last name, first name, middle initial, tory notes.If military, shoy rank and branch of service, The name of
the principal aii:thor is an absolute minimum requirement. 12. SPONSORING MILITARY ACTIVITY: Enter the name of06. REPORT DATE Enter the date of the report as day, the departmental project office or laboratory sponsoring (pay-. Ring for) the research and development. Include address."month, year, or month, year. if more thak one date appearson the report, use date of publication, 1.3. ABSTRACT: Enter an abstract giving a brief and factualTO Slsummary of the document indicative of the reporl, even though
7a. TOTAL NUMBER OF PAGES: The total page count it may also appear elsewhere in the body of the technical re-

•!• sh~ldumbr oll~erpag•'trtalcotinnpaýialnno'= ion, reduri.s, i..,, etrhe bport'ate. If addi~ionel space is required, a continuation sheet shall
-- rs' . number of pagei contulintg info tnitn. be attached.

'76. NUftIER OF IU't-ERENCES; Enter the total numbee of Itls highly desirable that the abstract of classified reportsreferences cited in the report. be unclassified. Each paragraph of the abstract shall end with
8a. CONTRACT OR GRANT NUMBER: If appropriate, enter an indication of the military security classification of iie In-the-ý applicabie number of the contract or grant under which formation in the paragraph, represented as (rs). (s), (c), or (U).
the report was written, There is no limitation on the length of the abstract. How-
i8b, E:, & ld. PROJECT NUMBER: Enter the appropriote ever, the suggested length is from 153 to 225 wordt4,

militory department identificojien, such us project number,
subproject number, system numbers, task number, atc. 14. KEY WORDS: Key words are technically meaningful terms

or short ohrases that characterize a report and may be used asS9a. ORIGINATOR'S P,9FPORT' NUMB3ER(S): Enter the offi index entries for cataloging the report. Key Words must beclal report number by which tho document will be tdentlfied selected so that no security classification is required. Identi-
and controlled by the origirnating activity. This :tumber must fiers, such as equipment model designation, trade name, military* be unique to this report, projt&ti code name, geographic location, may be used as key
9h. OTiiER REPOR'ý NUMBER(S): It the report has bee;i words but will be followed by an indication of technical con-
Sassigned any other teport numbers (ith,'r by tie originator text. The assignment of links, :leo, and weights is optional,. or by the sporinor), olso tnier thhli number(s).

* 10, AVAiLABILITY/LIM1WrATION NOTICES: Enter any lim-

,tt•ioris on further d.viSaemiilation ol the report. other than thoea0

U11QLA~aV lED
Security Classification

_F "-



NOLTR 67-120

T2HE CONTROL OF INSOLUBLE MAGNESIUM COMPOUNDS'
_ EUIATING FROM SEA WATER BATTERY OPERATION

Prepared by:
C. E. Mueller and F. M. Bowers

ABSTRACT: The capaoity of low rate multicell silver chloride/
_ mgnesiwu sea water~ batteries is often limited by a flocculent

precipitate that olega the inlet ports and fill*s the apace between
the elealtrodee. The resulte of this investigation~ show that the
flocculent precipitate io formed only when magnesiuma tons (Ng4+)
are Initially present In the electrolyte solution. In magnesium
free malt solutions., with a salinity equal to sea water., the

__ precipitate is granular. The magnesium-ion effect can be controlled
by passing the incoming sea water electrolyte through a filter of

_ thallous fluoride (TiF) or diisodiutn ethylenediaminetetraacetate
* ,.N.-'X(disodiwn EPTA). The magnesium ions in the sea water electrolyte

ap-parently react wzith the TIP to form a granular precipitate., and
with disodium EDTA to form a soluble magnesium complex. Batteries
containing filters of these types were discharged in 3.5% salinity

. .. .. .. .sea water and showed capacity increases rsanging from 12 to 60
percent over batteries having no filter. With Ti? filters the
capacity increase was typically 12 percent and with disodium 1RDTA
the increase was typically 145 percent.

APPROVED BY: A. G. Hellfritzsch

HL\ZWTROCHEMTSTRY DIVISION
CHMISTRY RESEARCH DEPARTMENT

Uý S.* NAVAL ORDNANCE LABORATORY
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THE~ CONTROL OF INSOLUBLE MAGNESIUM~ COMPOUNDS RESULTING
FROM SEA WATER BATTERY OPERATION

This report describes the development of a chemical filter which
impro'ves the capacity of silver chioride/magnesiwin sea water
batteries by controlling the formation of precipitates that clog

......... this type of battery during discharge. A patent application has
been made for the invention.

I The work conducted during this in-vestigation was perfomed under
........... .......Task No. MAT 03L 000/FO0ti 98 01 Problem 019.

Captain, USN
Commander
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INTRODUCTION

j During the development of' a low rate multicell silver chloridte/
mag~nesium sea water battery for a sonobuoy application, i~t was
observed that a flocculent corrosion product 4iould form during
discharge in sea water. This product would gradually clog the 0.0'10
inch diamueter entry ports in those cells nearest the negative
terminal of' the battery, 6nd fill t~he 0,020 inch wide space between
the electrodes in these colls. This condition, often encountered
incommercial sea water batteries, 'limited the capacity of' these

batteries to leas than half' that theoretically available. When this
battery was discharged in a sodium batrd slteies, a granular

A the battery during discharge, flushed this granular precipitate from
the cells. csqetythcaaiyobatredicrgdn
sodium chloride solution was greater than th-ose discharged in sea
water,

The objective of th's investigation was to eliminate the clogging
of these multicell sea water batteries and thereby improve their
c apacity. The investigation was divided into two parts: (1) the
determination of the cause of the flocculent corrosion precipitate,
and (2) its control. This report describes the experiments that
were conducted and discusses the effects of' various solution
parameters.

EXPERIMENTAL APPARATUS AND PROCEDURE

The experimental battery model used in "'Ae first part of' this
inivesti.gation is shown in Figures 1 and 2. It consisted of a
cylindrical lucite block on each end of which wa* cemented a cell
containing an AZ-.61 magnesium alloy electrode. AZ-61 magnesium is
the alloy commnonly used for anodes in silver chloride/magnesium
sea water batteries. The configuration of' the experimental model
was similar to that of' Battery WOX-74, a 10 cell silver chloride/
magnesium sea water battery that was developed at the Naval Ordnance
Laboratory, White Oak as a power source for sonobuoys. Upon
Immersing this model in an aqueous salt solution witn a do voltage

of ~ ~ 6 152vlsImpressed across the electrodes, a condition simulating
the para:ýitit> drain (Stae Discussion) during a 150 ma discharge of'
Btittery WOX-~74 was schlved. When the dc source was applied,
magnesium plated away from the positive electrode and formed a white
inooluble precipitate at the nebative end. Electrolytic corrosion
experiments, of' this type, were conducted In Gulf Stream uea wat-er,
and in other aqueous salt solutions of equal sslinity (3,55) The

saltsoltior otie varying proportions of sodium chloride (NaCl),
magnealum chloride (KgC~l~ sQdium nulfate (N3504 ). and magneaium
sulfate (NgSO&). The ions contained in aqueous solutions of these
saltz rupresented the four major ions found In see water which are

NMS~ Cl, and SO* The apecific composition of' each
electrolyte used is given in Tsble 1.
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Experimental runs were usually of three hour duration, but some
exploratory experiments were allowed to run for seven hours, Before
the start of each experiment, the p.H of the electrolyte was measured
and adjusted if necessary to pH - L.25*.05, a value equivalent to
that of Gulf Stream sea water. Electrolyte pH was also determined
upon completion of each experiment. The experiments were conducted
at room temperature (22*l*C), and the volume of electrolyte used for
each run was usually 1800 mi. The electrical conductivity of the
prepared electrolyte solutions was approximately equal to that of
sea water as the salinity of all solutions was nearly Identical.
The specific resistivity of 3.5* salinity sea water is 8 ohm-nChet,
at 200C.',2,3 The precipitate obtained from each experiment was
collected and analyzed by x-ray diffraction spectra. A variable
resistor was used to maintain a constant voltage of 15 volts between
the positive and negative electrodes, and a milliammeter was used to
measure the parasitic drain. A schematic diagram of the circuitry
used in these experiments is shown in Figure 3.

DISCUSSION OF THEORY AND RESULTS

The dissolution of magnesium anodes in silver chlorideimaenesium4• sea water batteries is directly proportional to both the energy
producing reaction and to the anodic corrosion of magnesium. The
anodic corrosion rate in multicell sea water batteries, is basically
controlled by the parasitic drain.' When a number of series connected

4; cells are immersed in a single continuous electrolyte, as is Vhe case
with sea water batteries during operation, each cell is shorted to
every other cell by means of the connecting conductive sea water.
As a result, current flows between points of different potent:.•s1,
flowing outward into the common electrolyte from all the cells in the
positive half of the battery and back into the cells of the neeative
half. This current is referred to as the parasitic drain. To
complete the circuit, the parasitic drain passes internally thrc" -; .
the battery from the negative end to the positive end in addition to
tne current paslinb in the same direction to supply the external
circuit. A schematic circuit diagram of parasitic current pathways
in a multicell sea water battery is shown in Figure 4.

The ma6nitude of the parasitic drain to dependent on the
operating cell voltage, the number of cells, the area and number of
inlet and outlet ports to each cell, the length of the ports from the
inside of the cell to the common body of electrolyte, and the
temperature and saiinlt"y of the electrolyte. Reference (4) presents
an equation which may be used to calculate the parasitic drain.

where I par p s'tic drain In amperes
E a operating cell volta6e

2N u numbner of cells per battery
b 0L/KA - resistance of the electrolyte path in orimvs
C specific resistIvity of sea water in ohoi-Inohea

2

........
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L =length of path of sea water from inside the cell
.2' to the larger body of the electrolyte in inches

K =number of port holes per cell
A =area of port holes in squ~are Inches

Thia equation shows that reducinE the number of cellF3 (2N) per
battery, and decreasing the diameter of the entry and exit ports are
two ways of reducing the parasitic drain. Figure 5 contains a
fam~ly of curves showing the parasitic drains, calculated from
equation (1),, for sea water batteries with five to eleven cells when
gas bubbles block-off from 10-70% of the outlet port area at any
given time. For the calculations In Figure 5,the diameter of the
Out.let and inlet ports was taken as 0.070 inch.

The simulated parasitic drain was measured during each experi-
mental run, and the data listed in Table 2 shows that its maximum
value varied only slightly with the chemical comiposi~tion of' the
electrolyte solution used. This result was not unexpected as the
total salt conitent of each electrolyte solution was constant although
the composition varied. The parasitic drain generated with the
experimental battery model was uziually in the range of' 47 to 65 as
is shown In Table 2. These values are in good agreement with the
calculated value of' 60 ma (see Appendix A, obtained from equation (1)
for a 10 cell sea watcr ba~ttery with an operoting cell voltage of
1.50 volts, with cathodic inlet and Qutlet por't diameters of 0.070

4inch, and a.nodic inlet and O~itlet p-ort diameters f0.035 inch and
C 0.070 4nch respectively. Thes3e conditions are si~iilar to thokse used

A with the-.-xperimentaJ. model. It Is important to note that the value
of 60 ma obtainee fr,,om equation (1) Iso the miaximumi parasitic drain
one would expect from a aea water battery with the listed parameters.
At any given time, however, the parasitic drain is reduced by the
preaence of gas bujbbles in the exit and entry port~s or the battery

*-'j ~.as ia ahown in Figure 5. This Is why a range of vDa.uez wa obianed
f or viz parasitie drain witni the experimenftal battery model.

A nc-l-br effrect of the paracitic draini ia that the Piagueaiuim at
the posiý,Ive end of the batt~ery acts tzs an Linode, goes into eoluti.On
and ia plaetd out at the negt~ive alde as maobneslum hydroxlde, Rn
Insoluble preolpitate, .Accordl~n-- Lo ParatdMy's law which atotes that

- -- - -- ..... one gra-m tqvivalen Legto ater !a Chemleally altered at e~c
electrode for every 96,50- coulombb of elocltricity passed throu-h the
electrcdv yte, the am-ount of ma,,niesium, deplated 1z directly prop-,,rtlonal
to tho mgnitude of the parsri&li drain. a Ae &lcrltcc~a~o
'f the magnealiu anode i-,ay be deseci~bed hy the followirig equa~io.n:

Mg+ 2 (2

VWne 0 the Volitage &the p. .osltic drain ia .oeth. de-cai.otio
P063tial of the 0(.3 wate4 eectrolvte., a concenkration of hy'droxyl

Ion (()H ocur obout the 1Aegative porti-. of th ' battery, ;Since
thze diaetmgneluoLm ios( resulting .fo heeetoyl

corosinof the anodic magnauta migate to t he -#,,gtie - de oft

N;J

x3



NOLITR 67-120Ibattery, they react with CHV ions to form an insoluble hydroxide
precipitate. The reaction mechanism postulated for the formation of
the hydroxy compound is described by the following equations:

Mg++ + OH Mg (OH) (3)

stability constant (K) which is equal to the ratio of the Mg(Ofl)t ion

in equilibrium with the MIgt and the OH ion. The greater the value
oft z the greater the stability of Mg(OH)+. The abov-c- veactiona are

thogti rs&21esince the value of' K for reaction (3) Is quitea high
(apý;.,-,imately 38O}5. Although other species may actually be present,
x -ray analyses have shown that magnesium hydroxide (Mg(OH)9  is
formed as the primary corro~sion product.

It was obLserved that when a low rate multicell silver chloride/
magnesium sea water battery was discharged in sea wate';> a flocculent

* I hydroxide precipitate was formed and clogged the Inlet ports of the
more negative cells of the tattery. The riocculent precipitate also
filled the spaces betweenv the electrodes of these cellu. Hence, the
cells became electraolyte starveci and battery capacity was significantly

It. reduced. When the- same type of battery was discharged in a -odium
ch Icai'dide solution oif equal saliutty, a granular precipitate was
form,_d. The granular precipitate did not affect battery capacity as
it was eaBsi'ly flushed fromn the cells durin~ battery dischlarge.

To determine thie cause-for thie formiation of the floccu'lent hy-
'~W .~At droxide precipitate In sea water, Eld1ectrolytic corrosionepriet
§ 7were conducted in various aqueot-za sal solutions as, shown tW Table 1
'4The results of thesce exper.1Ients show that the p)hys-1cal ctgjracteriat-Ict

--------- _8 'x'ý PeciptatevarIed zi4c,nitcantly with k-l Chemical
o•'thehyrox peci ltte u se-. .For e~xkmple, It was, ob erved

Somtpoaitiol*ý of the elect.,oLiee
At N ~that larg liocculent a66loniente o f th Z droxy Precii~~wr

- formed only, wh1en the dt,.r lent, Y.6" Icationa- wereý Initially prtseht in
1 -A.te electrolyte solut-ion (b-*10,ltonz, "l., an PfTbe1

This prrecipitatie, In a &'ýort tilre, would clog- the trdf-.t port of I th
fleba t Ive cell of the eaxperimental w~odei ana reatrie hefowoelc trolt A owvrIn Acta-olyotet~ )a rnu
6o ngl oon (Ie. oltions-ACadEo T9 1

.. citt was 1ovrr h P1 prcecipitate did6. not c0Fg the neegative

Cell a n J wag e ; bIy Sloszhfdl oujt Into t-e- srundlr-t-z boy of

T~he Inc-tae cýt-ti Srwec~h e~xpe: Lme,ýnts ran wre
anaIyztee, by x-'ray di4, ract *on spe Ct r~a. ap _,t r- of thit precIPi-

_4tater* fczla ttod Uo oltra A 13) £ rAC(cCbe )hdol
7 000 "readlt'"IdemttfLa t~le Vey~e' T4C). nadtin heew

-( LI It 1 tdC On atItuets v o;r in t ne0s pc sa~ea It Itlte
tha t i e o.i tn e e ý3 trah w~ rc Ch~nr'~m fo 1 aliw oCcurred
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4The other wa either a high molecu4,er weight compound or a material
consisting of very small crystals. The chemiceal compotition or t-his
r asterial ~a not kown. The precipitate from eollutin C was tdentlfted
as being K; meta~l. Fowever, it in possible that the conteetr-drtion
af this materiai was high enough to maak out the V(ý (0 andotl
constituents present. T~he spectrum of the precipt at-c obtaine4 from
soluto H (ea water) had only one readily idenr, abeeo4net

K ~calcium carbonate (CaCO.). Therewralosmohr \strAh
t 4 present, ý,ut these were not identified as they were '¼kz by the
...........yA ~ ~~~Since inf~irmation available Vx rm the x-ray diJ' ctsnaeyi

was quite limited, no ope, itic ooncluatcoie tould b tA coneerni.
the chemicoal composition of the corrosion product, ~ the rieohsanisx
or the magesium ion effect. Thr sS~Oepr~ct videni;e.,

I ~however, it~hat the phyol1cal characteristics or tho aoul hydroxy
precipitate are also dependent on electrolyte ph ov example, the

f iP-H of elctrolyte solutions (A,C and E rf c-l 1 oncentrated
with the granular hydroxy pre-ctpttatt wasz ~p. motat ely 1.1.0,

"T 4Indicatins a high OR- concentratton. rnevrefk e a Maginetiusm oni'pleiy
such an Mig&H)i an&/or Mg(rni) may have be en. rored tying up tLw OJT.*
ions. However, the final pHl of electr-oyt&_ oolutiorie concentrated
with the Cloccu-lent hydroxy 'r-ecipitate tsavlt~ions 13,Dj,P, And H

wa 9 *0.. t hse eauin, i~ ons were initially :>resenlt.

Honce, other maaiOuiuml compounds could have precipitA~tedl taktr# -i~t
Qxf, solution some of the OHS tna. This would account for the lower

g~q t in-al pH1 of these salt solutions. These differences In final PH
1% ~~o~c-(irrk~d with solution vollume. held constant.

Sl ,o -a l a uen y rx precipitaewl£uýd o3. nr
?4~ S~m eeiialn aten an tw' el raltef solutic-d nl,ay _*trx

sum cntroltn~thirýiton were atxoK lrweatigated, One tp•w h tIVt wa-
itulad wao the use of a cahemi-al filter w~heh w4ui, -re ov..r

iolls froms thli inoordTina electrolyte, elt-r tr y n'eaipits*tJon In
110on*Clocdulent Col~o, tvl the

o a~mp It. p haat oftht lnve?¶tigstion we- Ainllt:J"ti~te by eturdyt4g
the te~hilb7 o uSi nt! ? flsrd 4 i) ~ ~ wt h

Sions in ; 5ta wate toCr rnlrpeiiae. Tho41tuý
0ltioridle Is a White powdery eo.%-ounid that eXihitsl~ Appvreiý.th

-A'- olubiltyt.~ It Was poslttulated that fil solutlion tiv An
M, t1½ IV would, r 4WithL the rtluortide tcitas to aitulrP

tg'f lone "I OAut
would thcvn rt4Ctý wlthý OF; ios t-o, frtM. h be -ot hxnd e 01'10

........... rtok cul ae heti N&zf.Ucr4n ctr det~z'ribed b Y t ht.
C01_o~Wlr*_ *qugti tons:

...... ..

-1 X.,(4
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The thalliam ions might also react with other anions in sea water to
form, additional insolublis salts (i.e., PlC1).

To test this hypothesia, electrolytic corrosion experime~nts
were conducted in se.a water and in a manner 5inftlar to those
described previc'-asly. In these experiments, the 'TIP powder was
compressed into a cylindrical pill 1.03 em long and 0.95 cm in
diameter. The pill was wrapped with clear cellophane-to prevent the
outer' surface fromd dissolving. Through the center of' the pill, a
0.18 cm diametei' hole was drilled. The pill was then glued over the
inlet port of~ the negative cell of the experimental battery model

Sso that the sea water electrolyte had to vp-ss through the TIF pill
beore entering the cell, During these experiments only small; anoants
of' the f'locculent hydroxy precipitate were formed even though some
eperiments were &ilowed to rur, for as long- asseven hours. The
resulting precipitates were collected and analyzed by X-ray diffrac-:
tion Capectra. However,, no conclusive evidence for the proposed
mechanism was obtained az 4-le X-ray diffraction-analysis of the pre-
cipitates was not definiW:

..._...._.. Other experiments were conducted in which a TIP filter was used
Ito, during the discharge of actual silver chloride/ma~gnesium, sea water

batterie~s (i.e., Battery WOX-7L1 in sea water). The filters used in
these experiments were large enough to encompass the inlet porto of
the five cells nearest the negative terminal of the batt~ry. Thus,
the sea water electrolyte had to pass through the filter to enter
these cells. The TlF filter was fabricated by compressing the powder

-21 into the configuration ehown in Figure 6, and gluing the formed block
. .. .. .. .into a four-sided lucite case. Hence, the sea water eliectrolyte

came in direct contact with the TlF before entering the five most
negative cells. The3G experiments demonstrated that TlF was eapab~e
of controlling the physical characteristics of the-insoluble
corrosion precipitate formed during battery operation, thereby Im-4.
proving the capacity and operational characteristics of sea water
batteries. When compared to control discharges in which the TIP
waB not used, an average increase of 12% in battery capacity was
obtained. Figure 7 shows that the voltage-time characteristics were
also improved, for the plateau voltage was exten'~ed by a time interval
proportional to the percentage increase in capacity.

Whereas TIP can react with the Mg++ ions in sea water to form a
granular precipitate (Mgligj), it was postulated that disodium ethylene-
diailnetetra.acetate (disodium EDTkx) could react with Mg++ ions to
form a soluble magnesium complex. Disodium, EDTA is a white
crystall ine comipound, occurring with two molecules of water of
hydration. It is represented by the abbreviated formula, NaeH2Y 02H20.
This salt is moderately soluble in water. A 0.1 M solution has a pH
of approximately 5 and behaves as a weak &aid. In aqueous solution,
the 1vYw ion is the complex forming subt zance and reacts with
cations according to the ~'loigequation;

Me~"+ItY H (8)

6
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in all cases reacts with CYI0 grar-ion of the meatal without regard to
heren rngesfro 2 or -4w~ Oeg'i-ions of the cydogpen forng ion

its valence,- In eat, - os, wo.raninLo h hdoe o r
also farmed. The resulting compleye have the same compozition,

17 ~but differ from one saiother in the charge they carr. Th se. ~omp lexe [
-have been assigned the fo'llowlng 5tructures by Sohwarzenbach:

H-q COO. C~z CO -CHrj - CO0--
N.jCHe COO--j CC e COO7

-- ~ Me - .. yIS (Cu )R2 M
NC-F coo 30 N$-H COj XE ýCS -4 COOS

--i~ COO- 'M - COO -clill -coo

The conple2xes of the divalent met al ions occu. iscmpe anios
such as MeYtm, The stability of the complex is characterized by its
stability or foromation constet .Thsonttdeisterto
of the complex rfet~al ion [MaY-fn) in equilibrium with' the metal ion,
_ive+n) in solutiofi'i Consequentl1y, the greater the value'of K. the
greater the.- 0tbility of the metal complex. In sea water there are

-~two metal ions,, calcium (ca+) anid magnesium (Mg++), that will compete
to form tho MeYVcmlx However, in sea water the ionic strength
of calcium (ca++) is conAderably less (about one-third) than the
ionic stren-gth of magnesium (Mg,). Therefore, it was postulated

_that the magnesium. complex of MgY10 would form in sea water and thereby-
control the magnesium ion effect.

To study this hypothesis, electrolytic corrosion experiments
L I-_. a conducted in sea water in a manner similar to that previously

described (see Experimental Section). In these experiments, a small
......... c ukntity of disodium. EDTA was wrapped in thin non-woven dynel paper

and suspended near the inlet port of the negative cell of an experi-
faental battery model undergoine electrolysis, This approach waa

'Ap used because disodium EDTA could not be comapressed into a usable
* ~configuration. These corrosion experiments demuonstrated that

disodium EDTA would be useful in impeding the formation of the
~ i flocoulernt type precipitate. However no. conclusive evidence was

obtained for the proposed mechahism.

Other experiments were conducted in which disodium EDTA filters
*were used during the discharge of actual. silver chloride/magnesium

sea water batteries. The disodium EDTA filters ueed in these
experiments were aimilar in design to the T19~ filter shown in Figure 6.
However, since disodium EDTA could not be compressed,, the loose
crystalline salt was placed within a lucite case and a dynel-webril
paper of 0,001 inch tGhickness was used to enclose the loose salt
within the case, Thus, the disodium EDTA was phyakcally contained,
but the ions were free to migrate through the thin paper and react
with the Mg++ ions in the sea water electrolyte prior to its entering
the five most negative cells. The data obtained from these experi-
wento indicate that the capacity of these batteries was significantly
increased, and that only a very little of the flocculent type precipi-
tate was fVmed during battery discharge. When compared to data of
control dischargea in which neither the TlF or disodium BDTA was used,

7



NOLTh 67-120

~ an average improvement of 45% in battery capacity was obtained.
Figure 8 showz that the time interval of the plateau voltage (useful
working voltage) was also increased signif'icantly. These ixnprovements
are attributed to the H*YO ion which apparently reacted with the M&4
ions in sea water to form tile soluble complexv MgYo, and thereby
helped to impede the formation of the flocculent corrosion preoipit t..

Fiur 9 showa the comparative effect of TiF and disodiui ED-rA
onx.the capacityan operational charsateri3tice of' see- Water Bat 4 ery
WOX74when dischar-ed at a constant current of 150 mna.. Significant

implrovamenta in the cjapacity' and operational characteristios of
im~lticoll. silver ohlorlde/magnesium sea water sonobuoy batteries
are achieved by using 9 ohemioal fflter of the typ- praviouslý dew-
cribed, eapeeially when disodium, EDTA is used as the chemical reagent.

IAlthough the control of Mg(U0H)a formation in sea wratei' batteries for
~ torpedoea was not studied as a part of' this investigation., a suitable
diaodiun, EDTA filter might be beneficial when the sea water is
recirculated to improve battery operation under conditions of low
salinity and low temperature.

......-.

..

..... .....
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CONCLUSIONS AND RECOMMLNDATIONS
The inefficiency of low rate multicell silver chloride/manesium

sea water batteries is due to the flocculent corrosion precipitate
that forms durin. battery operation. The flocculent precipitate forms
only when magnesium ions (Mg++) are initially present in the sea
water electrolyte. This ma6nesium ion effect is controlled by passin8
the incoming sea water through a chemical filter durin6 battery
operation. At the present time, disodium ethylenediaminetetraacetate
(disodium EDTA) is the most effective filter reagent. Batteries
containin6 a filter of this type showed a 45* increase in capacity

- over those without filters.

It is recommended that this study be continued to determine the
actual reaction mechanizins involved. It is also s~u66ested that achemical filter, such as described in this report, might be used to
improve other types of sea water batteries.
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APPENDIX A

S eCalculation of' Parasitic Current.
-~ - -'S/m2e the maximum parasitic drain in amiperes

R operating cell voltage -1.50 volts
2N number of cells per batterv 10
N -(10/2)~ 25
b = CL/KA resistanc~e in ohms
C =specific resistivity of sea water *8 ohm

3,1_.- inches at 3.5% salinity and 200C
L -length of electrolyte path from inside the

. cell to the larger body of' electrolyte
0.1875 inch

. .. .. .. .K number of' port holes pe,ý cell -2
_ A or ss sectional port area in square incheri

.D *diameter of' port holes

...... rom the above, we get the following:

EN~ (1-5) (25) ma37.5

b .CLA(A (8) (o-l875)AA 1.S00AA

KA a irr + ¶7rl

1 (0-035)' (o0l075)*]
0.481 x 10- square inch

½b a1.500/0.481 x 10- 312 ohms

I1'1j~ax 37.5/2(312) -60 ma

NOTE: This is the maximum leakage current one would expect
for a sea water battery with the above parameters. However,
at any given instant this value may be reduoed as the resiatance,
b, is significantly increased by the presence of gas bubbles in
the exit and entry ports of the battery.

jUf2: .
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FIG. 3 EXPtR0AMENTAL APPARATU-S AND CIRCUITRY
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FIG. 7 THE EFFECT OF THALLOUS FLUORIDE (TLF) ON THE CAPACITY OF
SEA WATER BATTERY WOX-74 WHEN DISCHARGED AT A CONSTANT
CURRENT OF 150 ma.
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ELECTRoLyip7 MAJOR pH INITIAL
ELECTROLYTE COMPOSITION- IONS
SOLUTION 3.5% by weight: PRESENTpHPNA

8.30
A NaCl Na+.,C1l

11.00

B MgO1D8.*25

9.05

CNa2SO, 4  Na+,80 8.25

10.90

D MgSO4  SO~,S0
8.50

~8.25

E 32/39 NaCi 7/39 Na2S0,4 Na+.,Cl S0 8,2
11..00

Na+"Mg++ 8.25
F 32!/39 NaCi & 7/39 MSSO4  .9

G 32/39 NaCi & 7/39 MsC1 9  Naegi 82
C1, 9.80

+O2++

Gulf' Stream NaC+ 8.30
Sea Water C1-,PS0 4  96

TABLE 1. IDENTIFICATION OF~
ELECTROLYTE SOLUTIONS

~jj 21
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ELECTROLY1TE" TIME MAXXrtM CHARACTERISTICS
of SIMULATED PARASITIC OF INSOLUBLE

SOLUTION ELECTROLYSIS CURRENT() PRECIPITATE
(hrs) _ _ _ _ _ _ _

*A 2-70 ~ 55 White
. . . .. . . .. .Granular Type

White$
fB, 2.50 47 Large Plocoulent

Agglomer~ates

---... C 3.05 50 White
Granular Type

White$
D 2.35 47 Large Flocoulent

1Z Agglomerates

E3.00 52 White
- ___Granular Type

White,
3.00 65 Large Flocculont

Agglomerates

White,
0 3.00 50 Large F'loccoulent

Agglomerates

4 -,Y-
White,

H 3.00 65 Large F~locoulent

-~ Agglomerates

. ... TABLE 2. SUMMARY OF' ELECTROLYT1IC CORROSION DATA
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